Introduction {#s1}
============

Since its discovery in 1989, hepatitis C virus (HCV) infection has become a major public health issue worldwide and a leading cause of liver cirrhosis and liver cancer.[@b1] According to estimates from the World Health Organization (WHO), 71 million people globally have chronic HCV infections, and approximately 399,000 people die each year from hepatitis C-related liver disease.[@b2]

Remarkably, the WHO recently adopted the first-ever global hepatitis strategy with the dream of eliminating viral hepatitis as a public health threat by 2030, defined as a reduction in incidence by 90% and in mortality by 65%.[@b2],[@b3] To eliminate viral hepatitis, hepatitis B and C are the main obstacles. Unlike hepatitis B, the HCV infection is currently curable due to the direct-acting antiviral agents (DAAs) that are used as new short-course oral treatments for HCV infection.[@b4] In this regard, it seems more feasible to achieve the goal with respect to HCV infection. However, a great deal of work is still needed, such as the prevention, screening and diagnosis of HCV, the accessibility of new drugs and the treatment of special populations, such as patients with hepatitis B virus (HBV)/HCV coinfection.[@b2],[@b5]--[@b7]

China has a heavy burden of viral hepatitis,[@b1],[@b8]--[@b10] making its situation severe. The HCV antibody (HCV-Ab) is a commonly available marker of HCV infection.[@b9] However, the latest national population-based prevalence of HCV-Ab in China was 0.43% in 2006.[@b11] Hence, recent data on the prevalence of HCV-Ab, HCV RNA-positive and HBV/HCV coinfection in China are limited. Even though DAA treatment was approved in China recently, the high price limits the wide use of DAAs in China. Instead, the standard antiviral treatment regimen of HCV infection is peg-interferon plus ribavirin (P/R). At present, the proportion and outcomes for HCV patients who received P/R treatment in the real world in China are still vague. To answer these questions, a hospital-based population study seems more feasible and suitable.

This study retrospectively analyzed the epidemiology, diagnosis and treatment of HCV from a hospital-based population between 2013 and 2015, aiming to improve the prophylaxis and treatment of HCV infection in China to realize the magnificent target proposed by the WHO.

Methods {#s2}
=======

Data collection {#s2-1}
---------------

This study was conducted by retrospectively analyzing electronic medical records from subjects presenting at the Second Affiliated Hospital of Chongqing Medical University between 1 January 2013 and 31 December 2015. Subjects were mainly from Western China (Chongqing Municipality, Sichuan and Guizhou Provinces).

A total of 111,916 adult subjects (aged ≥15 years) who had HCV-Ab testing were included in this study. Data on patient demographics, dates of clinic visits, and HCV-Ab testing results were collected at each patient's first visit. When a patient's HCV-Ab was positive, data on HCV RNA testing and treatment during the study period were collected at the same time. On the other hand, hepatitis B surface antigen (HBsAg) testing was collected from HCV RNA-positive patients. And, markers for liver function and injury, including alanine transaminase, aspartate aminotransferase, gamma-glutamyltransferase, total bilirubin and direct bilirubin were collected from HCV RNA-positive patients. In addition, the aspartate aminotransferase to platelet ratio index (commonly known as APRI) was calculated to determine fibrosis in liver. The data collection for this study was approved by the Institutional Review Board of the Second Affiliated Hospital of Chongqing Medical University.

Outcome variables {#s2-2}
-----------------

The main outcome measures for this analysis were HCV-Ab and HCV RNA positivity, and the results of treatment. HCV-Ab positivity was defined as a positive result (\>1.0 S/co) by enzyme-linked immunosorbent assay. HCV RNA positivity was defined as detectable HCV RNA by real-time PCR. Sustained virologic response (SVR) was defined as undetectable HCV RNA obtained at 24 weeks after the end of treatment.

In order to have a better understanding of HCV diagnosis and treatment, two methods were used to examine the progression along the steps of the cascade of care: first, the percentage of subjects with HCV-Ab who completed each step, and second, the percentage of subjects at each step who moved to the next step.

Statistical analysis {#s2-3}
--------------------

Normally distributed variables were presented as mean ± standard deviation (SD), and differences were tested by Student's *t*-test. Non-normally distributed variables are presented as median (interquartile range), and differences were assessed by Wilcoxon rank-sum test or Kruskal--Wallis test. Categorical variables are expressed as frequencies (%), and differences were evaluated using the Pearson chi-square test. Crude prevalence estimations were weighted by poststratification for sex and age distribution in the population census of China in 2010.[@b12] The 95% confidence intervals (95%CIs) for crude and adjusted prevalence were computed using the Wilson score method and gamma distribution, respectively. A *p*-value \<0.05 was considered statistically significant. The data were analyzed using the SPSS 17 software (SPSS Inc., Chicago, IL, USA).

Results {#s3}
=======

Demographic characteristics {#s3-1}
---------------------------

A total of 111,916 individuals underwent HCV-Ab testing in this study between 1 January 2013 and 31 December 2015. The proportion of women was higher than men (41.6% male and 58.4% female). Most subjects represented the age group of 25--34 years-old (23.5%); however, subjects aged 15--24 years-old only represented 6.5% of the overall subjects ([Table 1](#t01){ref-type="table"}).

###### Demographic characteristics and prevalence of HCV-Ab in the hospital-based population study, 2013--2015

  Characteristic   Patients, *n* (%)   HCV-Ab-positive, *n*   HCV-Ab-positive, % (95% CI)   *p* value        
  ---------------- ------------------- ---------------------- ----------------------------- ---------------- --------
  All              111916 (100.0)      1611                   1.4 (1.4--1.5)                1.7 (1.6--1.8)   
  Sex                                                                                                        \<0.01
  Male             46609 (41.6)        916                    2.0 (1.8--2.1)                2.3 (2.1--2.4)   
  Female           65307 (58.4)        695                    1.1 (1.0--1.1)                1.1 (1.0--1.2)   
  Age, y                                                                                                     \<0.01
  15--24           7300 (6.5)          42                     0.6 (0.4--0.8)                0.7 (0.5--0.9)   
  25--34           26305 (23.5)        323                    1.2 (1.1--1.4)                1.7 (1.6--1.9)   
  35--44           18254 (16.3)        591                    3.2 (3.0--3.5)                3.4 (3.1--3.6)   
  45--54           18306 (16.4)        360                    2.0 (1.8--2.2)                2.0 (1.8--2.2)   
  55--64           18925 (16.9)        149                    0.8 (0.7--0.9)                0.8 (0.7--0.9)   
  ≥65              22826 (20.4)        146                    0.6 (0.5--0.7)                0.6 (0.5--0.7)   

Abbreviations: Ab, antibody; CI, confidence interval; HCV, hepatitis C virus.

Crude and adjusted prevalence of HCV-Ab {#s3-2}
---------------------------------------

Overall and adjusted group-specific HCV-Ab prevalence in this study are listed in [Table 1](#t01){ref-type="table"}. The total crude prevalence of HCV-Ab was 1.4% (95%CI: 1.4--1.5). HCV-Ab positivity was observed more frequently in males than in females (2.0% vs. 1.1%, *p* \< 0.01). The HCV-Ab prevalence presented a parabolic trend in age groups; that is, HCV-Ab positivity was the highest in the 35--44 age group (3.2%, 95%CI: 3.0--3.5; 591/18,254) and gradually reduced on both sides with age ([Table 1](#t01){ref-type="table"}). Overall, individuals aged from 25--54 years represented 79.1% (1,274/1,611) of all HCV-Ab-positive subjects. To better estimate the prevalence of HCV-Ab, poststratification weight by population census of China in 2010 was conducted. The overall adjusted prevalence of HCV-Ab was 1.7% (95%CI: 1.6--1.8). And, similar results of adjusted prevalence were observed in sex and age distributions ([Table 1](#t01){ref-type="table"}).

To investigate whether the prevalence of HCV-Ab had increased recently, we compared the prevalence of HCV-Ab with results from the latest national study in 2006. In general, the prevalence of HCV-Ab was higher in this 2013--2015 study than in the 2006 national study, regardless of the crude rate or adjusted rate ([Fig. 1A](#f01){ref-type="fig"}). Further, in each age group, the prevalence was higher in men than in women and was higher in this 2013--2015 study than in the 2006 national study ([Fig. 1B](#f01){ref-type="fig"}).

![Overall prevalence (A) and age-specific prevalence of HCV-Ab stratified by sex (B) in this 2013--15 study and the 2006 national study^\*^.\
^\*^ Prevalence of HCV-Ab of the age 55--64 group in 2006 national study was used for data from the patients age 55--59 group because the data of the age ≥60 group were unavailable in the national study.\
Abbreviations: Ab, antibody; HCV, hepatitis C virus.](JCTH-6-385-g001){#f01}

Cascade of care for HCV-infected patients {#s3-3}
-----------------------------------------

Among the 1,611 HCV-Ab-positive patients, 1,273 (79%) had a confirmatory HCV-RNA test performed, of whom 947 (74%) were found to be chronically infected (HCV RNA-positive). However, it is worth note that only 46% (434/947) of persons with chronic HCV infection initiated P/R treatment, and 370 (82%) completed treatment, of whom 74% (272/370) achieved SVR ([Fig. 2](#f02){ref-type="fig"}).

![Percentages for 1611 HCV-Ab-positive patients, showing cascade of care.\
Abbreviations: Ab, antibody; HCV, hepatitis C virus; SVR, sustained virologic response.](JCTH-6-385-g002){#f02}

In detail, of the 947 HCV RNA-positive patients, the proportion receiving antiviral treatment in the 15--24 age group was the highest (63%, 12/19). Interestingly, a gradually declining trend in the SVR rate with increasing age was observed in this study. However, no difference was observed in either the HCV treatment or the SVR rate between males and females ([Table 2](#t02){ref-type="table"}).

###### P/R treatment of HCV infection and SVR rate in the hospital-based population study, 2013--2015

           HCV treatment   SVR rate                  
  -------- --------------- ---------- --------- ---- --------
  All      434/947         46         272/370   74   
  Sex                                                \>0.05
  Male     203/461         44         120/172   70   
  Female   231/486         48         152/198   77   
  Age, y                                             \<0.01
  15--24   12/19           63         8/9       89   
  25--34   98/195          50         74/88     84   
  35--44   166/335         50         103/138   75   
  45--54   96/231          42         58/84     69   
  55--64   47/100          47         21/37     57   
  ≥65      15/67           22         8/14      57   

Abbreviations: HCV, hepatitis C virus; P/R, pegylated-interferon plus ribavirin; SVR, sustained virologic response.

HBV/HCV coinfection in HCV RNA-positive patients {#s3-4}
------------------------------------------------

Of the 947 HCV RNA-positive patients, 292 had testing results for HBsAg. The prevalence of HBsAg in patients with HCV was 11% (32/292; [Fig. 3A](#f03){ref-type="fig"}). In addition, the SVR rate was lower in the HBsAg-positive patients than in the HBsAg-negative patients, but no significant differences were observed ([Fig. 3B](#f03){ref-type="fig"}).

![Prevalence of HBsAg-positive (A) and the SVR rate of P/R treatment between HBsAg-positive and -negative groups (B) in HCV-infected patients.\
Abbreviations: HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; P/R, pegylated-interferon plus ribavirin; SVR, sustained virologic response.](JCTH-6-385-g003){#f03}

Further, to evaluate the effect of HBV on HCV, we screened the 292 patients' clinical data and eventually retrieved 122 patients' HCV RNA-level and data on liver function and injury, which included 14 HBV/HCV coinfected patients and 108 HCV monoinfected patients. We found the HCV RNA level in the HBV/HCV coinfected patients was lower than that in the HCV monoinfected patients, but the difference was not significant (6.0 vs. 6.1, *p* \> 0.05). In addition, there were no significant differences of alanine transaminase, aspartate aminotransferase, gamma-glutamyltransferase, total bilirubin, direct bilirubin, platelet and APRI levels between the two groups ([Table 3](#t03){ref-type="table"}).

###### Demographic and clinical characteristics between HBV/HCV coinfected and HCV monoinfected patients

  Characteristic                      HBV/HCV, *n* = 14   HCV, *n* = 108   *p*-value
  ----------------------------------- ------------------- ---------------- -----------
  Age in y, mean±SD                   51.0±12.7           46.5±13.1        0.229
  Male, *n* (%)                       7(50.0)             58(53.7)         0.794
  HCV-RNA as log~10~ IU/mL, mean±SD   6.0±1.3             6.1±1.1          0.814
  ALT as U/L, IQR                     85(41--114)         65(35--141)      0.740
  AST as U/L, IQR                     65(40--143)         60(36--115)      0.865
  GGT as U/L, IQR                     64.5(34--119)       53(26--149)      0.701
  TB as μmol/L, IQR                   17.5(9.8--27.3)     15(10.0--20.8)   0.685
  DB as μmol/L, IQR                   8(5.0--13.3)        6(5--10)         0.672
  PLT as 10^\^9^/L, mean±SD           122.1±65.4          148.0±71.5       0.200
  APRI level, IQR                     1.5(0.6--4.9)       1.4(0.6--3.3)    0.821

Abbreviations: ALT, alanine transaminase; APRI, aspartate aminotransferase to platelet ratio index; AST, aspartate aminotransferase; DB, direct bilirubin; GGT, gamma-glutamyltransferase; HBV, hepatitis B virus; HCV, hepatitis C virus; IQR, interquartile range; PLT, platelet; SD, standard deviation; TB, total bilirubin.

Discussion {#s4}
==========

Hepatitis C has been the fourth most commonly reported infectious disease in China.[@b13] In this hospital-based study of 111,916 individuals in Western China, the overall crude and adjusted prevalence of HCV-Ab was 1.4% (95%CI: 1.4--1.5) and 1.7% (95%CI: 1.6--1.8), respectively. This regional prevalence (found in 2013--2015) is lower than that found by national surveys of the whole population in 1992 (3.2%)[@b14] but higher than the whole population from 2006 (0.43%) and in the Western China population in 2006 (0.40%).[@b11] In addition, recent studies[@b13],[@b15],[@b16] from other places in China also reported a higher prevalence of HCV-Ab than that observed in 2006. All of the evidence has indicated that the HCV-Ab prevalence may have increased in China to some extent in recent years.

Interestingly, HCV infection was observed more often in males than females in this study. In fact, males showed nearly double the HCV infection rate than females, which is different from other studies that have reported equality between sexes.[@b11],[@b17]--[@b20] Several reasons may account for this discrepancy. First, women were more likely to clear the virus spontaneously. Second, the geographical and racial differences should be considered. Finally, an increased risk for men to be infected by HCV may be due to unhealthy lifestyles or behaviors, such as unhealthy sexual activities, drug abuse, smoking and drinking.

In addition, HCV-Ab positivity was mainly observed in the 25--54 age group (79% of the total HCV-Ab-positive subjects). This is similar to the results from the study by Zhao *et al.*,[@b15] who reported a high HCV-Ab-positive rate in the 40--59 age group in the Hebei Province in China. The illegal blood trade of the 1990s in China may be an indispensable reason. Another explanation is the sporadic transmission of virus persisting in the community/village through the years. Moreover, an increase in mortality among chronic hepatitis C patients may explain the decreased prevalence of HCV-Ab in older age groups.

According to guidelines from the WHO,[@b5] all adults and children with chronic HCV infection should be assessed for antiviral treatment. However, in this study, fewer than half of the patients received a standard antiviral treatment. This is not far enough. There are some reasons for this, such as publicity and education, drug price and medical insurance, but there needs to be more attention from the nation health policymakers. In this study, the highest proportion of those receiving P/R treatment was still observed in the 15--24 age group (63%), which is consistent with a study performed by Young *et al.*[@b21] In addition, DAAs have not yet reached widespread use in China. Therefore, the standard antiviral treatment for HCV is still P/R treatment. In this study, the SVR rate of P/R treatment for HCV was 74%. This is similar to the results of some recent studies.[@b22]--[@b24] Interestingly, this study also found that the SVR rate of P/R treatment was inversely related to increasing age. Wu *et al.*[@b23] and Sezaki *et al.*[@b25] also observed a similar phenomenon. Both of their results showed that older patients had a lower tendency to achieve an antivirus response.

In addition, patients with HBV/HCV coinfection are still a special population, with studies showing interactions between these two viruses. It is not yet clear whether HBV and HCV interfere with each other's life cycles and reduce the effects of antiviral treatment. Notably, very recently, the U.S. Food & Drug Administration has issued a black box warning for HCV drugs, due to its risk of reactivating hepatitis B.[@b26] So, it has become more important for us to know how many of the HCV patients have HBV/HCV coinfection. In this study, 11% (32/292) of HCV RNA-positive patients also had HBV infection. This is much more than the rate observed in the USA (1.3--5.8%)[@b27]--[@b29] and in China (4.11%) previously.[@b30] The different region and sample size may be the reasons for this discrepancy. Moreover, as expected, the SVR rate of HBV/HCV coinfection was lower than HCV monoinfection in this study, but no statistically significant difference was observed (60% vs. 73%, *p* \> 0.05). The number of patients who had a HBV marker test in this study was relatively few, and further large-scale study is needed in the future. Additionally, our results showed that HBV has little effect on HCV, which was consistent with previous report.[@b28]

There are several advantages in this study. First, this study was conducted with a large sample size (111,916 participants). Second, this study was novel and analyzed the prevalence of HCV-Ab over the last 3 years. Third, when analyzing the treatment of HCV RNA-positive patients, a hospital-based population was more feasible and suitable. However, limitations should also be considered in this study. First, when analyzing the prevalence of HCV-Ab, choosing hospital-based subjects as a target group was a challenge because this sub-population could not be completely equivalent to the general population. The hospital population included health candidates undergoing routine annual medical examination and patients from the department of infectious disease. To minimize the population bias, we excluded the patients from the department of infectious disease and found the prevalence of HCV-Ab to be 0.64%, which was still higher than the national HCV-ab-positive rate in 2006. Second, the data for HCV genotypes were not acquired in this study. HCV genotype testing requires a full set of equipment and complicated techniques, which had not been established in our hospital during the study period. Third, we did not collect information on the potential exposure to HCV infection, such as history of intravenous drug abuse, blood donation and family history of HCV infection. Most of this information in the electronic medical records of each patient was incomplete, which hindered further analysis. Despite these disadvantages, to our knowledge, this study revealed a high SVR rate and low treatment rate of chronic hepatitis C patients in a hospital-based population in Western China for the first time.

In conclusion, this study reveals that HCV infection may have increased since 2006 in Western China. The SVR rate of P/R treatment for HCV infection was high, but there is still a huge gap between higher prevalence and lower treatment of HCV infection. Hence, more efforts must be made by the government to create policy for HCV treatment and prevention scientifically, so we can achieve the magnificent goal proposed by the WHO.
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